Objectives: The objectives of this study were to investigate possible urban ± rural differences in food intakes in Jilin province and in continental China as a whole, and to examine possible implications for nutritional status of urban and rural populations. Design: Cross-sectional study. Setting: Communities. Subjects: In total, 499 adult women in six urban sites and four rural sites, 10 sites in total, including two sites in Jilin province. Methods: A pair of surveys were conducted in September, 1999, in the provincial capital of Changchun and a farming village in Dehui county, both in Jilin province, in northeast China. Each of 50 adult women per survey site provided a 24 h duplicate food sample and a blood sample, and had an interview on health history including anthropometry and blood pressure measurement. Nutrient intakes were estimated from the food duplicates, using national food composition tables. Results from the two sites were supplemented with data from eight sites where surveys had been conducted following the same protocol, and the pooled material were subjected to analyses for possible urban ± rural differences. Results: The Jilin participants consumed daily, on average, about 1600 kcal energy, 44 g protein, and 60 g lipid with a lipid energy ratio (ie the ratio of lipid over total nutrients in terms of energy) of 33%. When nutrient intakes were compared between the urban (ie Changchun) and rural (Dehui) groups, urban women consumed more energy, protein (especially animal protein) and lipid than rural women. Similar examination of data from six urban and four rural sites, including the present two, showed that adult women in urban areas eat more animal protein and animal fat than their counterparts in villages, and suggested that the observation on urban ± rural difference in Jilin province can be extrapolated to a nationwide scale. Conclusions: Urban ± rural differences in nutrient intakes still persist in 1999 not only in Jilin but in other provinces, typically in the terms of intakes of animal-based foods.
Introduction
It was made clear in the 1992 National Nutrition Survey (Ge et al, 1995 (Ge et al, ,1996 that rural people in continental China ate less animal-based foods (eg pork and poultry) and more cereals than their counterparts in urban areas. Through ®eld surveys in various sites, differences in food habits and major nutrient sources have been observed between people in urban areas and their counterparts in rural areas in many east Asian countries, such as Japan (eg Ikeda et al, 1988; Nakatsuka et al, 1988) and Korea , and most probably also China (Tian et al, 1995) . The differences in food consumption are often associated with better nutrient intake in urban communities than in their rural counterparts (Ge et al, 1996) .
The objectives of the present analysis are to clarify if the urban ± rural differences in nutrient intake still persist in the late 1990s and, if they do, determine the effects on the nutritional status of the people. This study group has been conducting ®eld surveys to elucidate the nutritional characteristics of working women in the Chinese continent Qu et al, 1997; Shimbo et al, 1997; Watanabe et al, 1998; Nakatsuka et al, 1999) . As an extension of these studies, surveys were conducted in a provincial capital in combination with a farming village in the same area of northeast China. Results are presented in this report, in connection with the observations in the foregoing surveys at eight sites, to examine possible urban ± rural differences in nutrition in the continent in the late 1990s.
Materials and methods
Survey population, study design and collection of food duplicate samples Two surveys were conducted in a paired manner in the middle of September 1999, one in Changchun, the provincial capital, and the other in a farming village in Dehui county (to be called Dehui) in Jilin province in northeast China; the village is some 100 km north-east-north of Changchun (for locations of the survey sites, see Figure  1 ). In each site, 50 adult healthy working women volunteered to participate; those with systemic diseases at the time of survey or in the past were excluded from the database. Changchun participants (the urban group) were women staff of a public health institution, whereas those from the village (the rural group) were farmers engaged in production of wheat, rice and maize.
The details of the study protocol have been described previously Ikeda et al, 1996; Moon et al, 1997; Zhang et al, 1997; Nakatsuka et al, 1999) . In short, each participant was asked to offer a 24 h duplicate (Acheson et al, 1980) of her food together with a menu record, to allow blood sampling (without fast) and to be interviewed on her health history (including anthropometry, blood pressure measurement and information on smoking and drinking habits); each participant was carefully instructed to cook ordinary everyday meals and no special dishes. Only women were selected because they had better opportunities to offer food duplicate samples.
Nutritional evaluation and other examinations
Procedures for nutritional evaluation have also been described previously (Shimbo et al, 1994 Ikeda et al, 1996; Moon et al, 1997; Zhang et al, 1997) . Each food item in the duplicate set was separated manually, and its weight was recorded. The items were coded by experienced Chinese nutritionists using the Food Composition Tables for China (Part 1, National values; Institute of Nutrition and Food Hygiene, Chinese Academy of Preventive Medicine 1991a). Estimation of nutrients in each meal and snack was made by use of the code numbers and the weight records in accordance with the food Composition tables.
Nationally recommended dietary allowances for Chinese (RDA; Institute of Nutrition and Food Hygiene, Chinese Academy of Preventive Medicine, 1991b) were employed; the RDA values for adult women in three age groups are cited in Table 1 . In applying the RDA, light-grade physical exercise was assumed even for farmers, because the sur- Figure 1 Locations of the paired survey sites in Jilin province, northeast China.
Nutrient intakes in China
J-B Qu et al veys were made in an off-season for agriculture. The nutrient intake was considered as suf®cient when the estimate was within a range of 80 ± 120% (thus with an allowance of + 20% RDA) of the corresponding RDA, taking day-to-day variation in food intake into consideration (Shimbo et al, 1994; Zhang et al, 1997) . A ratio of 40 ± 50% (or 45% as an average) of animal protein over total protein was taken as adequate (Committee on Health and Nutrition, Japan, 1999). Hematology and serum biochemistry tests were carried out with automated analyzers, whereas urinalysis for protein etc was by clinical tapes. To calculate BMI (body mass index), body weight was measured clothed and corrected for the weight of clothing by subtracting 1 kg from the measured weight, so that BMI (body weight (kg) 7 1)a(height (m)) 2 . A criterion of 25 (kgam 2 ) was taken as identifying overweight cases (Institute of Nutrition and Food Hygiene, Chinese Academy of Preventive Medicine, 1991b).
Statistical analysis STATVIEW Software Version 5 for PC, was employed. A normal distribution was assumed for intake of most nutrients, so that arithmetic means (AM) and arithmetic standard deviations (ASD) were taken to represent distribution. Student's unpaired t-test and ANOVA were employed for detection of signi®cant differences in means, and the chisquare test in prevalence.
Results
Demography of the study populations, and health parameters Ages of the participants in the two sites were 41 y on average with a wide variation ( Table 2) . Body weight was distributed in a wide range from 35 to 70 kg. Accordingly, ASD for BMI was also large ( b 3). Overweight cases were distributed evenly (P b 0.10) in the two study populations.
The prevalence of anemia was quite low: 0% when evaluated in terms of red blood cell (RBC) counts (ie erythrocytopenia with`3.30610 6 RBCamm 3 ) and 5% in terms of hypohemoglobinemia (ie hemoglobin (Hb) concentration below 12.0 ga100 ml) with no inter-site difference (P b 0.10). Triglyceride (TG) was elevated (ie b 151 mga100 ml) in 36% of the women. The observed elevation might be due to temporary effects of a meal at least in some cases because no fasting was requested, but BMI was also substantially elevated in two women in the Nutrient intakes in China J-B Qu et al urban group (BMI 29.2 and 27.2, respectively) and one in the rural group (BMI 32.7). A possible liver dysfunction case was detected in the urban group; g-GTP, AST and ALT were slightly elevated, but the elevation in TG and total cholesterol suggested fatty liver as the etiology.
With regard to hypertension prevalence, ®ve and three cases in the urban group and two and one cases in the rural group were slightly or moderately hypertensive, respectively. None of them, however, had b 170 mmHg SP or b 110 mmHg DP.
Intake of energy, macro-nutrients, minerals and vitamins Intake of energy, macro-nutrients, minerals and vitamins are summarized in Table 3 . The total AM values for the total participants show that the participants daily took about 1600 kcal energy, 44 g protein, 60 g lipid (with a lipid energy ratio (the ratio of lipid over total nutrients in terms of energy) of 33%), about 300 mg Ca, 22 mg Fe, Na equivalent to 7.3 g NaCl, 0.55 mg vitamin B 1 , and 0.69 mg vitamin B 2 . Study from the viewpoint of urban ± rural difference showed that the urban people ate signi®-cantly (P`0.01) more energy, protein and lipid, although the intake of carbohydrate was comparable (P b 0.10). Such was also the case for Ca and the ®ve vitamins studied (P`0.01). The intakes of Fe and Na were comparable.
Prevalence of inadequate nutrient intake among the participants Adequacy of energy or nutrient intakes of the participants was evaluated taking the national RDA (Institute of Nutrition and Food Hygiene, Chinese Academy of Preventive Medicine, 1991b) with 20% allowance as the criterion (Table 4) . With regard to energy intake, three women took energy in excess, and about half had insuf®cient intake. Protein intake was insuf®cient in the majority (87%) of women, but lipid intake was in excess in 63% of the participants. Intakes of Ca and vitamins A, B 1 and B 2 were below 80% RDA in almost all cases.
In contrast, intakes of Fe and vitamins C and E were suf®cient in most of the participants. When the intakes were compared between the urban and rural groups, insuf®ciencies of energy, protein, vitamins A, C and E and excess lipid were all more prevalent (P`0.01 ± 0.05, depending on the nutrient compared) in the rural group than in the urban group. Cases of excess intake of energy or insuf®cient intakes of Ca, Fe and vitamin B 2 were distributed evenly between the two groups.
Leading meal for intake of food and energy The amounts (both by physical weight and in terms of energy) of foods and energy taken on each occasion of meals and snacks were compared between the two survey sites. Physical weight of the three meals was quite even (28 ± 29% per meal) in the rural group, whereas breakfast was lighter (17%), and lunch (31%) and dinner (27%) were heavier in the urban group, with lunch (and not dinner) being the heaviest meal (P`0.01) of the day.
Evaluation in terms of energy recon®rmed even intake among meals (31 ± 33%) in the urban group and heavy lunch (39%) in the rural group. Interestingly, snacks were heavy by weight (ie on average 531 and 202 g in the urban and rural group, respectively), but accounted for only 5% and 4% of energy in the former and the latter respectively, implying that snacks were predominantly of low energy, such as Chinese tea.
Plant-based foods as major sources of energy, protein, lipid and iron All food items were classi®ed by origin into plant-and animal-based foods, and cereals and pulses were further identi®ed among the plant-based foods. Animal-based foods were separated into meats (ie meats of animals and birds, mostly pork, and less beef and poultry), and ®sh and Calculated with an assumption that all sodium was taken as sodium chloride.
Nutrient intakes in China J-B Qu et al shell®sh as well as eggs, milk, and others. Intakes were counted in terms of energy, protein, lipid and iron, and the results were examined for detection of urban ± rural difference (Table 5) . In all participants combined, intakes of energy, protein, lipid and iron were mostly from plant-based foods (Table  5) ; the account of plant-based foods was as high as 84% and 87% for energy and iron, respectively. With regard to energy and protein, almost a half of the total came from cereals.
The contribution of animal-based foods (ie a combination of meats, ®sh, eggs and others) as protein sources was about 23%, and that of pulses was 14%. Even lipid was primarily of plant-origin (74%). Similarly, iron was also predominantly from plants (87%). Urban ± rural comparison on protein intake showed that urban people took much more (P`0.01) meat, eggs, milk etc than their rural counterparts. Interestingly, rural people took less meat protein (P`0.01) but more meat-based fat (P`0.01) than their urban counterparts, which implies that larger intake of meat-based energy by the rural people was most probably due to the consumption of animal fat. The situation was different for Ca intake (Table 6 ). Whereas the basic source of Ca in the diet was plant-based foods, which was common to the two groups, the urban people took a substantial amount of Ca (about 100 mgaday) from animalbased foods. Study of menu records disclosed that the major source was cow's milk and its products (data not shown).
Analysis of urban ± rural differences on a larger scale database In order to examine whether the observation on urban ± rural differences in Jilin province can be generalized to other provinces, surveys were done for ®ve urban and rural survey sites (for locations, see Nutrient intakes in China J-B Qu et al urban ± rural pairs (Xian thus being counted twice), and also for the three large cities of Beijing, Shanghai and Nanning ; the surveys were made following the same protocol as the present one. Demographic characteristics were similar among the 10 sites (including the two in Jilin; data not shown). An urban ± rural comparison of the 10 sites in terms of daily intakes of energy and macro-nutrients (including animal protein and fat) is summarized in Table 6 .
Whereas the variation was large (P`0.01 by ANOVA) within the six urban sites as well as within the four rural sites, it was also clear that there were substantial urban ± rural differences in nutrient intakes. The women in the urban sites took signi®cantly (P`0.01) more animal protein, lipid and animal fat than the women in the rural sites, although the intakes of energy and protein differed between them (P`0.10), and carbohydrate intake was larger in the rural sites than the urban sites (P`0.05; Table 6 ). Urban ± rural differences were less remarkable in the intakes of vitamins and minerals (data not shown) than in macronutrient intakes (Table 6) .
Discussion
The present twin surveys in Jilin province made it clear that there were substantial differences in energy as well as nutrient intakes among women in the urban and rural sites, and that those in the city of Changchun had intakes of protein and fat than their counterparts in a farming village in Dehui county. Whereas people in both survey sites depended primarily on cereals (almost exclusively rice) for major sources of energy and protein, the dependency was more evident in the latter than in the former (Table 5 ). The urban group had more animal protein than the rural group, even though the latter had more animal fat than the former (Table 5) .
In a review of dietary surveys in north-eastern China, conducted mostly around 1930, Miura (1972) summarized that farmers there typically consumed 3500 kcaladay of energy during active agricultural seasons with 100 gaday Table 6 .
Nutrient intakes in China J-B Qu et al protein (90 ± 99% from plant foods) and 45 gaday lipid. Sorghum (Chinese variety, or kaoliang), maize and millet (foxtail millet) were staple cereals, accounting for 85% of the total energy intake, whereas those in cities consumed rice and wheat (¯our) with a better supply of animal-based protein.
Compared with the ®ndings in Table 5 , it is apparent that supply of animal-based foods has been improved even in the rural group, and that there have been remarkable changes in staple cereals towards rice. It should be noted, however, that the political situation then was quite different and rice consumption was strictly regulated at the time of the surveys which Miura (1972) reviewed. The difference in energy intake may be attributable at least in part to heavy physical loads in the past and low bioavailability of energy in some cereals such as sorghum.
With one exception of high animal fat consumption in Dehui, the conclusions drawn from the survey in Jilin (Tables 3 and 5) were also applicable to 10 urban and rural survey sites (Table 6 ) in the sense that adult women (and most probably people in general) in urban areas eat more animal protein and animal fat than those in villages. The comparison of the results with the observations by Ge et al, (1995 Ge et al, ( ,1996 on the 1992 survey suggests that urban ± rural differences in intakes of animal protein and animal fat (therefore animal-based foods in general) still persist in the late 1990s.
Several points of interest in public nutrition are considered to be worthy of discussion in relation to urban ± rural differences in nutrient intakes: anemia, calcium insuf®ciency, overweightaobesity and hypertension. Anemia, especially iron-de®ciency anemia, had been considered as a long-standing public health problem, even in large cities, in the past (Zhao, 1992; Li et al, 1993) . In the present survey in Jilin, however, those with`12 g Hba100 ml blood were only 5% of the participants, with no signi®cant urban ± rural difference (Table 2) , which suggests that anemia is no longer a major public health problem, at least in the sites surveyed. The absence of severely anemic cases may be related to the fact that iron intake was suf®cient in most (75%) of the people (Table 4) , even though a majority of the iron was from plants and not from animal-based foods (Table 6) . It is also known that calculation of iron intake by use of food composition tables (Institute of Nutrition and Food Hygiene, Chinese Academy of Preventive Medicine, 1991a) may lead to substantial over-estimation . General improvement in nutrition (Ge et al, 1995) may also have affected the statistic favorably. It is of interest to note that the role of pulses as a source of protein was 21% (thus only one-third of that of cereals), even among farmers, and their role as a lipid source was even less (Table 5) .
In contrast to the case of iron intake, calcium intake was quite insuf®cient both in Changchun and Dehui (Table 2 ). The RDA of 800 mg Caaday for adult Chinese women (Table 1 ; Institute of Nutrition and Food Hygiene, Chinese Academy of Preventive Medicine, 1991b) might be too demanding when compared with the RDA of 600 mg Caaday set for adult Japanese women (Committee on Health and Nutrition, Japan, 1999). The current calcium intake both in Changchun and Dehui is, however, far below any of the RDA values. With regard to the major calcium sources, it was obtained primarily from plant-based foods (Table 6 ). It is worth noting that Changchun women in addition took calcium from animal-based foods, from milk and milk-products in particular, which is rather exceptional in China where consumption of dairy products is low in general (Ge et al, 1995) .
Analysis of the data from other provinces showed that substantial calcium intake can be achieved through consumption of non-rice cereals such as wheat and millet, because wheat and millet, for example, contain almost 10 times as much calcium as rice on a dry weight basis (Institute of Nutrition and Food Hygiene, Chinese Academy of Preventive Medicine, 1991a). Considering such inter-provincial differences in staple cereals in combination with low dairy product consumption in the central part of the continent (ie 36 gaday in cities and 4 gaday in villages; Ge et al, 1995) , calcium supplementation might be necessary to solve the calcium insuf®ciency issue in the regions where people take rice as the principal source of daily energy. Jiang and Wang (1996) estimated from the 1992 National Nutrition Survey results that lipid energy ratios for urban and rural women were 29% and 19%, respectively. The present ®nding of 71.9 g lipid (647 kcal) in 1811 kcal energy (or 36% as the lipid energy ratio) in urban women (Table 6) suggests that the problem of high lipid intake remains or has been even aggravated in recent years in urban areas. Overweight is the issue emerging rather recently. Popkin (1994) noted that the problems of under and over-nutrition presently coexist in the continent; high income in urban areas is associated with higher consumption of lipid and obesity, whereas under-nutrition is still an issue in less developed rural areas. The present observation that 26 and 19% of women in Changchun and Dehui had BMI of b 25 (Table 2) is closely in line with this opinion on the urban ± rural difference in overweight. Reduced fat intake is thus recommended to wealthy people in cities (Guo et al, 1999) .
Because of relatively cold climate in the survey sites (with average temperature of 7 16.7 C in January and 22.9 C in July in Changchun; National Astronomical Observatory, 1999), hypertension could be a public health concern. The prevalence observed in the present survey was 12%, and there were no critically ill cases (Table 2) . Such a rather mild clinical picture might be associated with low NaCl consumption with an average intake of 7.3 gaday (Table 3) , a value well below the RDA of 10 gaday in China (Chen and Xu, 1996) , although Tian et al (1996) reported much higher salt intake of 15 (in urban areas) to 16 gaday (in rural areas) in Tianjin in north China. In this connection, it may be worth adding that the tablebased estimation of Na intake agrees fairly well with the measurement by ICP-MS .
